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Introduction 


By the late 1970s it seemed to many people that the 
earth was dying; or al least the part that had been 
most favored by fortune—the United States of 
n look back from the vantage point of We first 

de of the twenty-first century, it is not easy for us 
agenda this. It is particularly difficult for young 
people. They have read and heard the reminiscences; 
but these seem almost as wildly exaggerated as the 
tales of senseless wars like the 30-year Indochina 
conflict, the "limited" struggles along the USSR-China 
frontier in the 1980s, or the "lightning incursion" that 
took place in central Europe in 1992. 

M is hard for us to understand the way it was 
then—the way the people thought and acted, the 
Motivations that gave rise to actions that now seem 
incredible to us. Nevertheless, it is true that many 
people thought that the earth was dying then, choking 
in its own affluence and its own effluents. And there 
was considerable basis for these fears. What was 
then called the "ecology'—a term describing the 
relationship among the water, air, Soil, flora, and 
fauna—was turning to poison. 

This book constitutes an effort to help the student 
of today to understand what was happening then— 
and what was done to reverse the damaging pro- 
cesses. The book covers a number of the major con- 


cepts with which we are familiar now 
grams affecting the air, the earth, 


The Houses We Live In 


Whether it is hot or cold, we are quite elan 
indoors. This comfort is achieved without great 00: n 
depletion of resources or in pollution of the enviro 
ment. 

"ege practices are sensible oaea ae 
there are people still living who remember quite : 
different situation. Buildings were impractical an 
wasteful—otten dreadfully so. Although many people 
did not seem to care, some did. Here is the warning, 
from many decades ago, issued by one of those who 
cared: 


Conservation can have a significant meaning in 
the selecting and operating of a home. It is quite 
reasonable to assume that future generations will 
make use of the cold in winter and the heat of 
summer. It is also probable that hills and mountains 
will be hollowed out for commerical and living space, 
thus taking advantage of the year-round temperature 
of 50 to 60' F. 

Also of some intrinsic worth is the pride of home 
ownership. A well-designed, attractive house in a 
proper setting costs no more than one that is mis- 
shappen; and it has its reward in added resale value. 
The design should have recognizable characteristics of 
a style that has withstood the test of time, and one that 
is the most suitable for the site. For example, the 
Georgean or New England Colonial belongs on a 
village green, whereas the Chalet is natural to a 
lorested area, overlooking a lake or stream. 

Conservation of one's limited resources also de- 
mands seeking out economies in construction. Pre- 
fabrication of modular units holds out hope for 
cheaper, better-designed building elements for both 
the exterior and the interior. Useful plastics and other 


new materials are in the offing. Bad l" 
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AIR CONDITIONING WITH 

THE HEAT PUMP | 
One of the ways of saving fuel in heating and cooling 
a house requires a heat pump. The hea 


itive 


CS and pre D 
That is the principle embodied in the ordinary house- 
hold refrigerator. Like a refrigerator, air conditioning 
requires that heat be moved from one place to 
another; it requires a heat source and a heat sink. The 
earth, and a refrigerating compressor with a tempera- 
ture range from about 25* F on the low side to around 
145° F on the high side, are quite satisfactory. 
About 50 feet below the surface of the earth the 
temperature is more or less constant, ranging from 50 
to 60° F along the Atlantic Coast. This is a Suitable 
heat source and heat sink for air conditioning. With a 


n a JP) of 3 


[e 


° ed), the heat Pump can compete with other 
methods of air conditioning, and at the same time 
Conserve a great deal of fuel. (Nevertheless, air 
conditioning will become Increasingly expensive and 
should be accompanied by a thorough and effective 
job of insulation.) 


exchanger, (the Condenser), The removal of the heat 
lowers the temperature to 30°, and the chilled water 
sent through the Piping in the earth to pick UD more 
“black heat" on IS way back to the compressor to 
repeat the cycle. 

The cooling cycle begins at the evaporator heat 
exchanger, with water at 30° circulated through tube 


and fin, or cast-iron Convectors to the house, and then 
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CONSERVATION THROUGH 
INSULATION | 
r modern homes, office 


In hundreds of thousands of our m rk com- 
bulldings, and factories, people live and eiea 
fortably when the outside temperature app 


Am fit of much, if 

0°F—and they do this without va iac q 

anything; Fide way o a designed so that 
buildings, large and small, are now desig an 

i illary heaters and fans—to 

they include only small auxiliary Nanc aner it 

be used, for example, to warm up the building 

' j ime; say, over a weekend. 

has been unoccupied for a time; say, OV ° 

We are used to this. Therefore it is all the mor 
interesting for us to contemplate the fact that ellen 
of a few decades ago—right up to the 1990s—a 
reguired heating plants that would seem enormously 
elaborate and cumbersome to us today. Fifty years 
ago in a city like Chicago, a large office building would 
have a huge central furnace system throbbing away 
throughout the cold months, pumping warmth to the 
spaces throughout the building. Much of this warmth 
was wasted—as was the warmth produced by the 
fumaces of private homes. Today the large heating 
plant is unnecessary. 

The same is true of the large and complex cooling 
machinery that was—not so long ago—necessary to 
make buildings comfortable in warm weather. 

In our encłosed spaces we remain comfortable in 
winter—warmed by the heat from our own bodies. 
And in summer we stay cool because the cooled air 
surrounding us remains that way. 

The difference has been made by a revolutionary 
approach to a most mundane topic—insulation. For 
hundreds of years buildings had been insulated in 
more or less the same way. Here is how a contem- 
porary observer describes the picture: 


range fr erboard a 
fibrous material to cork, and a one-inch thick piece of 
them has an insulating value approximately three 
times greater that of a one-inch air space, a single 
thickness of plate glass, or a three-quarters inch thick 
piece of wood. The coefficient of heat transmission for 
each is approximately .33 BTU/ft?-hr per °F difference 
of inside and outside termperature (disregarding air 
motion and moisture content of the insulation). 

With a thermal conductivity per inch (the "k" 
factor) of 12 for stone and concrete, 8 for brick and 
terra-cotta, 1.13 for window glass, and 300 to 2600 for 
metals, conservation in heating and cooling is un- 
thinkable. 
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BUILDING WALLS FOR COLD CLIMATES 
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ing oil 

cost of healing í 
de rd the necessity 
ired warmth and 


As fuel became scarce a 
soared, attention was directed towa 
for stopping the wasteful loss of des 
coolness. The observer goes on: 


possible to insulate an enclosure so that no heating 
system will be required. According to the drawing, an 
8Y inch thickness of fiberglass insulation would slow 
down the heat flow so that the body heat from a 
proportionate 2¥2 adults in a 1000 cubic foot Space 
would obviate the need of a healing system. Of 
course, the 1 to 1¥2 air changes per hour would have 
to be brought to room temperature by the heat of 
lamps, cooking, and other heat producing means. 

In the new world of plastics, a sheet material that 
is impervious to water and air, and can be sweated 
and sealed by chemical and electronic means, offers 
an opportunity to incorporate the benefits of a vacuum 
or partial vacuum for insulating buildings. 

A light bulb can hold a vacuum because of a 
Structural form that Prevents collapse. Likewise, a 
Structural building panel can be made to sustain a 
Vacuum by surrounding and enveloping it with a 
sheath of impervious material, having seams that are 
equally vacuum tight. An over-all conductance or "U" 
value as shown may not be attainable, but 1/5 that 
amount would be five times better than what we have 
today. 
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Some very old principles—and some very new 


ones—were brought to bear on the problem of con- 
servation of heal and cold in living and working 
spaces. For example, the "Thermos bottle We 
those days, a homely device familiar to most people. 
It was used to keep liquids hot or cold; and this was 
about all it was used for. Then, however, the idea 
began to attract interest as offering some solutions to 
the larger problem: 


In the interest of conservation as well as economy 
it behooves us to insulate our buildings as efficiently 
as possible. This applies in all climates, hot or cold, as 
it concerns both heat gain and heat loss. When the 
average annual temperature of a region is 55°F or 
thereabouts, heating is required, and where it ap- 
proaches 70°F, cooling is needed. In either case, 
insulation is the corrective measure, and the cost may 
be equal to that of the fuel saved. 

To date, the evacuated walls of the Thermos bottle 
are by far the most effective barrier to heat flow, either 
in or out. And since the greatest heat loss or gain in a 
building is through the roof or windows, that is where 
the principle of the thermos could possibly be put to 
good use. The double glazed T window or Ther- 
mopane now available represents a worthy move in 
that direction, but there is still a further need for 
improvement, perhaps with crowned glass and a 
partial vacuum, 


In recent years insulating buildings has become 
standard practice. However, in the light of increasing 
costs of fuel and power for heating and cooling, much 
more progress has to be made, or lite in hot or cold 
climates will become hard and economically unten- 
able. 

One way to better insulate a roof is shown in the 

drawing. Lightweight vacuum panels are laid on the 
joists of the top ceiling, with the butt joints taped. The 
efficacy of such panels is unknown, but the vacuum plus 
à bone dry panel provide an impenetrable heat pocket 
for re-radication, and stands fair to outclass conven- 
tional ceiling insulation consisting of four inch fiberglass 
bats stapled to the sides of joists. For buildings other 
than homes, stiffened, 2v2-inch thick vacuum panels 
made of metal-clad plywood can replace the prevailing 
corrugated steel decking and fiberboard insulation. The 
ceiling and the roof surface will be flat and smooth 
because the metal will be drawn in by the suction within 
the panels. 
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HERMETIC CURTAIN WALL — 
CONVOLUTED EXPANSION JOINTS 


Asa Consequence of the impending shortage of fossil 
fuels, and the dire need for greater economy and 


stone. And in recent years many important buildings 
were built of metal and/or of glass. Unfortunately, 
none of those are acceptable under the mandatory 
requirements in this Crucial time. For example: The 
Structural elements should be strong, durable and 
Protected against fire. The exterior walls must be safe, 
light in weight, non-absorptive, leakproof and easy to 
maintain. The overall coefficient of heat transmission 
CU” value) should not exceed .075 Btu per square 
Oot per hour, per degree difference in temperature, 
inside to Outside. 


The accompanyin drawing offers a new concept 
in metal curtain wal design It consists of sheet metal 
Pans e proper gage and quality 


HERMETIC Cue Ža 


ALEXII E INSERT 


FRONT VIEW 


LX PANS/BLE INTERSECTION 


REAR VIEW 


JOINT DETAILS 


| CONVOLUTED EXPANSION JOINTS 


Ua 


6 Twice Co 
Ck Corr Oe ECUIVALENT 


EXPINSION 


"GAGE 


ELDED STIEFKANNG 


LATER FILLED Sora HEAT 
5DCT WELDED 


ENAMELED 


wopizeD OR] 


OXIDIZED — 
watt PANELS: BRONZE, SS STEEL dien? fre. 
ELEVATION . C^ 


16 


The Apollo Program—the early venture we all 
learned about in our Space History courses—came 
under a great deal of criticism. Its opponents contended 
that the billions spent on the space program were, by 
and large, wasted on a useless, though spectacular, 
senes of exploratlons of the near solar system. But 
Within a few years it became clear that one of the spin- 
offs of Apollo was the basis for a giant step forward in 
conservation. 


The accompanying illustration shows a structure 


with a free-form, waterprooted concrete shell exterior; 


P 


< VACUUM INSULATION AT TOP CEILING 


Vacuum GE Valve 


it also has vacuum insulation with an e ctiv 

approaching that of the Thermos bottle and le 
candescent lamp. e in. 

The inner and outer membranes of the exterior 

intended to be made vacuum tight by fusing or sea 
the joints or seams with high-frequency electri. 
induction heating. The rigid fiber glass insulation CC 
tween the sealed membranes becomes devojd of mol š 
ture and air due to the vacuum or negative Pressu a 
and is consequently a much better insulating materia] 
besides minimizing the transmission of sound. The rigl d 
insulation also provides backing to prevent Collapse 
within the evacuated space. The efficiency of the insula. 
lion will be proportional to the amount of Vacuum that 
can be held, and this of course depends on the quality of 
membranes and construction. Vacuum valves should 
be placed in convenient locations. 


CEILING 


Vacecur Veuve 


Vacuum 


CEILING J0/575 


ÍIECTION 


Seite ce Prasric SLALLA 


ŹNVELOBE O4 METAL OR Atasric 


| 
| 
| 


fact that water for drinki 
a ot ine olue faucet, whil f T 
` never question this arrangement, and many 
Most of us sole would be unable to explain why we 
er? kinds of water. 
ha 


omes out O 80 


o-source water supply —now 
ut the El Gerges areas around the 
onplace eat development. It has been estab- 
world —Í5 kigel of the concern that grew in the dec- 
da 0-1980 about the scarcity of potable water. 
190% e people were growing very concemed 
ring that die supply. Typically, all of the water in 
about the f We came from one source—the single- 
A ee m. This water was subjected to increas- 
ssive doses of chemicals and increasingly 
ingl pet eatment processes to make it fit to drink. 
rigorous de itwas piped into the consumption area, the 
Thon ed water was used for bathing, washing, 
nig P^ rinkling lawns, hosing down streets, heating, 
laundry. fighting fires; in short, for everything. Occa- 
gars during dry periods, the use of water was se- 
si VS 
w e made studies and encour- 
a b vnl to find ways to make drinking water from 
seawater. Pilot desalinization plants were established; 
but the cost remained prohibitive. 

People looked again at the immense amount of 
fresh water that was wasted under the existing system. 
The following are notes and drawings of the time, 
exemplifying the beginning of a shift in thinking that has 
led to the water system we enjoy today: 


Serious shortages of water will increase in fre- 
quency and will become critical in the years ahead 
unless we can devise a better way to meet our needs. 
This is a proposal for the assurance of an adequate 
water supply to meet the exigencies of municipal 
growth. There is ample fresh water. We waste mostof it. 


A more or less t ical i: 
table below. The serine ie pen 


| e setting is an indust 
people in New En 
river passes Ihroi 
the city limits is rural and sparsely inhabited 
NATURAL WATER 
Watershed 
Area of city s" A 
Annual rainfall (evenly 45.5 i 
distributed) Sina 
Overall source ol water 
{rom precipitation 534,066,432 
igi outflow at river 309,571,200 
st to evaporalion to 224,495,232 
the substrata and to the "SP 


gallons per day 


growth of all living 
things (42%) 
Rainfall within city 60,883.573 
„003,573 gallons per da, 
Outflow 35291316 “ ^ ` e 
Lost to evaporation, etc. 25,592,457 gallons per day 
CITY WATER 


(From Reservoir) 
Average daily use 14,000,000 gallons 
(6,500,000 high pressure 


7,500,000 low pressure) 
200 to 3004 1304 
Proportion 
Food and drink 500,000 gallons 3.5%, 
Other uses in the home 


4,500,000 gallons 32 
9,000,000 gallons 84.5 
14,000,000 gallons 100 > 


Industrial and general 


Heavy industry makes some use ot lake and river 
water. 

These figures show that a very small percentage 
of our water supply is used for food and drink, and 
that much of this water which we pamper and coddle 
and guard so carefully is used for purposes where 
water of a lesser quality would be satistactory. Com- 
mon water from lakes and rivers—screened, filtered, 
and sterilized—would be suitable for washing, bath- 
ing, laundering, sprinkling lawns and streets; and for 
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heating, cooling, fighting fires, and for process water 
in industry. Hence a second source of water recom- 
mends itself. 


all of ou Vater to make it fit 


and yet we use less than 5% of it for thi: 
MS does nol me nse. Instead e sho! 


Source one would be potable water. This water 
Would deserve the most careful attention. It would 
come from the highest and purest reservoirs and 
receive the utmost in treatment. At present we fluori- 
date and chlorinate our water. Let us concentrate the 
full force of advanced scientific knowledge on this 
precious element of our water supply. We could do 
everything possible to make our drinking water softer, 
Sweeter, clearer, and more healthful. Perhaps the 
benefits of the rare mineral waters could be made 
available. 

Obviously this improved water would command a 
higher price; but we would be using much less of it, 
since it would be used only for drinking, cooking, and, 
Perhaps, bathing. 

Source-two water would be made available from 
lakes, rivers and flood control basins. This water 


ON 


isposal, lawn-care, street-washing, indust i 
e and a host of other uses. A SPplicą. 
This dual water supply would involve a deu 
system of piping. The initial cost would admitte dy I 
high—but not as high as might appear at first glang 
The source-one piping would be smaller and cheą C 
and the source-two piping and fittings, although 
larger, could be of lesser gauge and strength because 
of the lower pressure and the inert nature of the 

water. 

What about the dangers of Cross-connection— 
introducing source-two water mistakenly into Situa. 
tions where it would be drunk? Revised plumbi 
codes would specify that the piping be absolutely 
separate and that the potable water be Unmistakably 
identified by bright and luminous color or other effec. 
live means. 

In the long run the two-source water System will 
bring us the best water in amounts sufficient to meet 
Our eating and drinking needs. It will also go far 
toward assuring following generations a good and 


ample walter. 


As we know, the two-source water supply is a 
Staple of our daily living in the 21st century. The next 
time you turn the blue tap and draw a glassful of clear, 
sparkling water, it May come to mind that this was not 
always something that could be taken for granted. 
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SECTIONAL ELEVATION 


RECLAMATION OF KITCHEN 
AND HOUSEHOLD WASTE 


The book you hold in your hand is a product of 
reclaimed waste. The containers in which we buy our 
lood, the fences and walls surrounding our grounds, 
the implements we use around the house—all may 
be, at least in part, the results of waste reclamation. 


There was a time when all waste was simply 
thrown away. As recently as the last decade of the 
previous century people were still resorting to what 
was called "landfill' —combining all waste and gar- 
bage, dumping it in a hole, and Covering it with earth. 
Sand, bottles, and papers were strewn along the 
Countryside. Everyone talked about the problem of 
what to do with the garbage, but little was done. 

One problem was human attitude. People would 
not go even to the trouble of separating household 
waste before disposal so that it could be compacted 
and perhaps reclaimed 

Now, of course, practically every kitchen has its 
WasteSort unit, either manual or power-driven. 
are use to droppin 5e into ia 
O Nu Con 
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However. it was not so long ago that such a 
System was considered impossible to attain. Only 
when people were contronted with mountains of 
garbage—with no place to put it—was there a serious 
effort to put into practice the theories of those who 
had been warning of the situation for some time. 

Here is one of these warnings, drawn from the mid 
1970s—along with suggestions and illustrations that 
you may recognize as being the somewhat primitive 
forerunners of our present systems: 


Truly a change in waste disposal seems impera- 
live. Ultimately all waste material, both organic and 


in coming—so until then, let us begin by washing, 
separating, and compacting the materials such as 
tin-cans, bottles, and papers; also scrap iron, 
aluminum, copper and brass, and plastics. Each 
group can be deposited on untertile ground or ín bins, 
where it can be retrieved whenever it becomes 
profitable. This can be done as a community opera- 
tion or singularly by the individual family. 
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NOURISHMENT FOR THE EARTH 


Even in our cities we enjoy the sight of green grass 
and growing things. Some of us may know—most of 
Us do not—that our soil has been made far more 
productive through the intelligent use of certain sim- 
ple, natural matenals that were, at one time, thrown 
away. These materials are available in our familiar 
composting units; the small individual ones that dot 
the suburban landscape and the larger structures that 
may be seen at the regional composting centers. 
You may be interested in the brief excerpt that 
follows, drawn from the files of a newspaper in a small 
mid-Atlantic state community, published in 1972: 


There are several kinds of unnecessary waste, 
each attributable to lack of wisdom or knowledge. 
Prominent among them is the burying of airtight 
plastic trash bags filled with leaves, grass clippings, 
weeds, sod, brush, and prunings. Such practice is 
Simply contrary to nature, and in effect is postponing 
an evil day. 

To dispose of these materials should be a com- 
munity responsibility, and should be done in a scien- 
tific manner. A compo d be set up to yie 


us O or sale 


A similar enterprise in which 


This concept i ffirmation of the principles 
expounded in Y " It was 
put into practice, ín a certain direction, hodale in 


Emmau Ivania, and by others who are grow- 
9 hai foot by organized gardening, using a 
limited amount of commercial fertilizers, if any. 
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SEWAGE RECLAMATION 


Sometimes as we travel al night we see, far away, the 
Nickering flames of the Disposal Sites. We know in 
genera! that these areas have something to do with 
the handling of sewage; and then we forget about the 
opic. 


We are able to dismiss the thought so easily 
because wo have no worries about the efficient and 
Unobtrusive dissolution of human waste. However, a 
generation or two ago this was an annoying and, in 
many ways, a dangerous concern. 

In the last quarter of the 20th century the treating 
and disposing of human waste had shown minimal 
Progress. In rural and suburban areas the septic 
tank—basically a local receptacle with a leaching field 
or dry well—was in wide use; and there were increas- 
ing instances of backup and flooding. In urban areas 
Sewage was pumped to treatment plants where it was 
reduced to a relatively harmless state. There were 
some more ingenious schemes; notably in Milwaukee, 
Wisconsin, where human sewage was turned into 
fertilizer and sold throughout the United States. 

The essential idea of the movement of human 
waste was flushing with water, so that the waste 
material flowed easily through pipes running about 1/3 
full. This flushing involved great volumes of potable 
water, because the two-source water supply had not 
yet been instituted. 

Certain observers of that time felt that something 
better could be done. Here is a brief contemporary 
description of such an approach: 


We need a better Solution to waste disposal 


problems. These drawings and notes will, it is hoped, 
lead toward such a Solution. 


One drawing shows a sau 
le fermenting of raw sewa 


cer-shaped lagoon for 
vel land. At the 


putrefa on and degeneration o 8 aterials. 
The gases that develop are collected in floating 
Cones, and are automatically ignited and burned. A 
surrounding wall excludes outside surface water and 
Sends any possible odors Skyward. 
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The second drawing is for hilly or mount gua, 
country. The digester can operate similarly to the tre 
on, but faster decomposition and Neutralization ma 
be possible due to its greater depth and 
Moreover, offensive odors are less likely 
the smaller surface area exposed to the air, a 
stratification. 
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The disposal system we now enjoy (and much ot 
our enjoyment lies in the fact that we have to think 
about it so little) is more elaborate than the Idea put 
forth in these notes; but the principals are the Same 
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The Power of Moving Air 


The wind is one of the oldest sources ol power—and 
yet one of the newest. Throughout most of the 20th 
Century the windmill was considered a quaint anach- 
ronism. Only when People began to see the contrast 
between the pollution from fossil fuels and the cleanli- 
ness of power from the air currents, did they begin to 
think about returning to this "primitive" source of 
energy. You may be interested in the following de- 
vices used in the late 20th century to again harness 


the power of the air. They are the forerunners of our 
Present wind-energy systems, 


PROPELLER-TYPE WINDMILL 


The propeller-type windmill is a standard. It has 
lunctioned reasonabl 


formance leaves t 


Course the angle of incidence will also reduce the 
nder by another 43%. 


times per minute for the ten-foot size, down to thirty 
times per minute for the twenty-five-foot size. A 


unds pe quare ! R Y-IWO e per 

DU . The principle involved is that of Baker's 
mill, which demonstrated that, "every action is always 
opposed by an equal reaction," Some time later this 
became Newton's third law in physics. 

The propeller-type windmill can be improved by 
providing Self-lubricating bearings, and a frame of 
rustfree metal. Those constructed of wood, as in 
Europe, were difficult and costly to maintain, while 
those that were popular in this country suffered 


because of neglect in regard to lubrication and protec- 
tion of the rustable metal frame. 


The windmill was useful in the earlier days for 
pumping water into storage tanks for use in the 
household and in the barns. This can continue, and in 
addition the windmill can generate electric power and 
charge storage batteries for electric automobiles and 
other uses. 

There are drawbacks to wind power, in that it is 
not constant, and it occurs all odd times—not just 
during working hours. Until we learn how to store 
energy more efficiently we will have to be content with 
using windmills for Pumped water storage, hydraulic 
accumulator storage, high pressure air bottles, and 
electric storage batteries, To forsake or ignore wind 
Power would be foolish, but to use it whenever 
available, to store the energy as best we can, and to 
supplement this energy or power with fuel generated 


electricity when necessary, is practicable and 
economical. 
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Windmills Should be placed on promontories, on high 
ground, and in geographical locations where there is 
an abundance of either forced or induced air flow. In 
designing a windmin there are several important 
things to consider. a more olements 
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wing shows a balance 8-action or 
revolving windmill. lt Consists of two partly-shielded 
Paddle wheels with vertical axes, a wind Splitting or 
diverting Structure, and the geared transmission of 


Power to a generator: with the entire assembly riding 
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WIND POWER CONCH 


Winds range trom a zephyr to a tornado; from causing 
8 ripple on water to creating a wave with a destructive 
force equal to that of a violent explosion. The ex- 
tremes are of little interest so far as available power is 
concerned, but in between, and in certain localities, 
Winds of considerable velocity prevail much of the 
time, from which a goodly amount of energy may be 


had. (Obviously a substantial amount of investment is 
Involved) 


T 
whirling Cups, can utilize a large portion of the total 


The most essential considerations in the design of 
any wind power equipment are: lightweight construc- 
tion; a minimum of friction; and, of course, a le 

. One important objective is to find the op- 


its course, unłess it is driven at high velocity, As a 
actical illustration, a fi 8-loot ocean wave causa 
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BARREL-TYPE WINDMILL 


Wind is the first, or at least the most evident moving 
force caused by the heat of the sun. The idea of 
harnessing the power of the wind has been given 
some thought, but as yet it has brought about few 
inventions that might be useful in the modern world. 
Heretofore thinking was mainly in terms of horizontal 
wind pressure, as for sail boats and propeller-type 
windmills, and hardly any thought was given to the 
power of vertical airflow, or the updrafts in mountain- 
ous areas. Nor has there been much progress in 
sapping the destructive energy of tormadoes and 
hurricanes. 

In our era, covering about one hundred years of 
abundant supplies of coal, gas, and oil, the cost of 
power has been so cheap as to cause the familiar 
Dutch windmills with cloth-covered arms, and the 
steel-bladed windmills of American farms to disappear 


h 
| 


from the scene. This disappearance represen 
in the experience curve of wind power machina A dip 
there is hardly any doubt that the Curve wil 88; but 
upward as the price of fuel inevitably rises steep 
invention and ingenuity come into their own Nd as 
The drawing illustrates a deviation tro 


propeller-type windmill to the barrel or Fri the 
type.Absorbing the head-on force of the rove 


wind in this manner should develop an impro 
coefficient of performance, and also permit lightwei h 
construction, which includes vanes or panels coveted 
with fabric or synthetic sheet materials. L 3 
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DARREL TYPE WINDMILL 
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Trapping the Sun's Energy 


dem But until the last few decades the sun was 


inaccessible as a mea generating ogó 
concentrated š rs 1960-19 


n certain tropical and sem al areas, but these 
buildings were largely regarded as curiosities rather 
than as prototypes. 

Then came a number ol developments that com- 
bined to bring Apollo's Chariot closer to the reach of 
earth-bound men. Some of these developments grew 
out of the earty ventures in space travel that took 
place around that time. For e e, the America 


e first time the use of such crystals becam 
practical 
As power from the sun began to emerge from the 
pages of science fiction, attention was focused on the 
experiments of such pioneers in solar energy as Dr. 
C. G. Abbott of the Smithsonian Institution. As early 
as 1940, Dr. Abbott had developed a solar boiler, 
consisting of a parabolic trough with a water tube 
boiler and a steam chest. 
also began to experiment with 
methods of collecting and using the sun's rays. Their 
first structures, buil anara Dese i ed 


ri. c ninat 


C a solar furnace c ount 

° y re his device, a dished parabolic 
collector, was sixteen meters in diameter. Later 
French efforts led to a more sophisticated solar 
furnace, buílt near Ordeillo. This installation is still in 


use for uncontaminated metallurgical testing. A tri 
tow System ment retecore amplis solar 


At this point let us review some ol the thinking that 
was prevalent in the sunrise of the era of solar power. 
Some ot the following ideas we recognize as only 
having emerged into full fruition in the 21st century. 
Others are significant only because they led on to 


further breakthroughs in the exploitation of the 


of the sun which has meant so much to the Power 


world. 


For ease in fabrication, transportation, and 


erection 


the size of units should lie within a 


because it involves stretching the metal in the forming 
operation. However, this becomes Simple with the aid 
of a suitable press. 
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Jrves and straig s, and is ore the ea 

to build. It can be bui Up of plates cut to a template, 
then warped and welded together. The assembly 
should be easy and accurate with the help of a jig or 


steel frame, and by clamping, tack welding, and finish 
seaming. 


ian d 


as adial camber in bot d s. The 
reflector may be pivoted or on a track, and the plates 
can be fixed or adjustable depending upon other 
engineering considerations. 

Even now we have several new types of solar heat 
collectors that we could use. 
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ALTERNATE SOLAR AND WIND POWER 


There is vast potential energy in the sun and the wind, 
but large scale plant and equipment is required to 
develop a respectable amount of it. There is also the 
problem of discontinuity— periods during which there 
is no sunshine or wind. Storage of energy presents 
another practical difficulty. 

However, it is possible to double the favorable 
probabilities by building an apparatus that can draw 


D gugan- De 

: actors. The reflectors 
multiply the effects of the direct solar rays. They also 
form a funnel for guiding the wind into the elongated 
cups ol a turbine type windmill. The entire assembly 
rotates horizontally to track the sun, and also to point 
the funnel into the wind. 
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metal ich v old V and storm. It 
Serves both as a conical reflector and a whirling vane. 
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CONICAL COLLECTOR 


The conical collector is a newcomer. It originated with ost se 
a 60°-cone having the vertox of a similar cone placed to ; th a 90° scope and a 
inside, in an inverted position to form a boiler. The consisting of pipes within Pipes for etf 
design advanced to a double cone that could rotate exchange. The cone can be of hea gage 
from east to west, on a telescopic mount with its axis — aluminum polished inside, and the boiler Shag 
parallel to the axis of the earth. The cone has a heat copper tubing with a deep brown Oxidized finis al 


exchanging boiler simulating a pistil standing at the — mouth of the cone is covered with aal 
center. A later design envisions a triple cone, with a plastic sheet (fiber glass) or polyethylene, with d qe 


shorter boiler pistil and higher ratio of collector area to seams sealed by means of ultra high 
boiler surface area, resulting in quicker action and tion heating. 
possibly a higher temperature. 
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AAN 1 the Pyrenees have shown 
E x fed d hundreds of feet, 


Alive "um generating steam and 
em H lf Zeg effect of reflected 
: This method is suited for 
= nsiderable size. The source of 
de EC but the amount per unit 
dei i Pile or hour is quite small, and 


and a great deal of 
recto i n many relectors 


are involved. 


be large or small, whichever 


x a and economy dictates. They 
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TROUGH-TYPE COLLECTOR 


The trough-type collector, as demonstrated by Dr. 
D steam 
col atio 


can hardly be greater than 12:1, therefore it is 
necessary to guard against heat loss, using insulation 
and other means, while delivering the collected heat 
lo the generator. 

For warm climates where the sun is high, the air is 
clean, and the sunshine hours are many the trough- 
type collector may be more economical than the cone. 
This system deals in lower operating temperatures, 
which are usually easier to hold, but in this case the 
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The radiant rays of solar heat are bountiful and con- 
stant. But they are mild in temperature and in strength 
when measured against the heat of combustion in the 
burning of conventional fuels while generating steam or 
electric power This means that the reflecting or collect- 
Ing area has to be large, involving considerable land 


use. expansive light construction, and safety in time of 
storm 
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The energy required to Operate the m 
produces relatively little friction, due to the e 
slow motion, both in elevation and azimuth, Howe ge 
is imperative that friction be reduced as as much 
ble, since the energy available from the ç 


lecto, ` 
relatively small in measure. e o Weg ER a DO 


e sha 
position ol the a ideami actuating the cone Se de. 
termined mathematically to best suit the particular 
geographic location. 
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HEAT-COLLECTING 
MECHANICAL SUNFLOWER 


As the natural flower, with its cup-fashioned Leg 
tums toward the sun to obtain the maximum le : 
so can we derive an additional benefit by concen ra 
ing ne a > |. AA 
BC ires ti 1e combining of reflected 


in's rays to gene B SiealT IU! pl 


suniigni 


t of water 


This consists of a dull black absorbing surface for the 
face of the boiler, and a dead air-space of one inch or 
more located behind a sheet of window glass bul in 
front of the boiler; thus creating what is known as a 
heat trap. The reflected heat from the six petals or 
lobes should equal about three times that of the direct 
ra at the absorber or boiler, for an intensity of 


Obviously the collected heat must be contained 
and this is done by insulation as with any boiler. Also 
the volume is kept low (1:1600) by retaining the water 
in its liquid state, though under pressure, and allowing 
it to flash into steam only in a steam chamber or 
turbine. With a refle iler ra g wa 


emperature F sl be easily attainable. 
temperature and its corresponding pressure is quite 
appropriate for high pressure steam and standard iron 
pipes. 

There is a choice between a conical collector and 
a polygonal figure, as shown, with flap-type reflectors. 
If only a few collectors were required the latter would 
get the preference because the mirrors are flat and 
easily available; but if there were many collectors 
needed, the conical collector with curved mirror reflec- 
tors would be the more efficient, desirable, and 
economical. 
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Tada produce steam at atmospheric pressure, but 
ily short of what it takes to make useful power in 

woe e of electricity. Fortunately, it is within the Scope 

ms knowledge to bend the rays of sunli 
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z that required to boil water; hence we can 

produce steam and with it electric power from solar 


0 what is 


T ali kinds of work there is one best way in which a 
aricularjob can be done; this also applies to the utiliza. 
tion of the heat and power, which arrives on earth con- 
tinually from the sun, known as solar energy. Eventu- 
ally, solar energy may be converted directly to electric 
energy, in strength that can be used for industria] power; 
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THE HEAT-COLLECTING WALL 


For many years solar heat had only limited 
applications—the greenhouse and the farmer's hot 
frame, for example. Out of these simple applications 
grew a useful principle that made solar energy prac- 
licable in a much wider variety of ways. 


This type of install 


Then came a positive development. The 
sandwich-plate solar heater enables the heat to go 
almost directly into the water. The possibility of 
re-radiation is minimized by the low emissivity of the 
oxidized copper or aluminum of which the sandwich 
plate is made. 

The panel may be laid on a roof as a low-cost 
Conventional water heater. It may also be used as a 
heat-collecting exterior wall panel on the sunny side of 
a building; or placed anywhere that there is sufficient 
Sun. The panels may be placed horizontally or tilted, 
fixed or pivoted. 
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SOLAR POWER PLANT 


The feasibility of converting solar heat energy into elec- | E AE Re e lightweight = 
tric energy depends on the costof real estate, plant, and ` electro ech p'e; one contro; fora, Te 
operation. It may be thought that because of the small tion and another for azimuth. Resistance to wi eleva. 


amount of heat available per square foot of collector be at a minimum, and likewise any loss du í Van 
area, the cost of real property and plant might represent This suggests a windbreak of evergreen trees och 
a handicap. However, this is offset and probably out- tums of cones as collectors, the latter so the wing © 


i i through. It also suggests fi ti Nd can 
weighed by the fact that the heat from the sunisfree and ` pass | ^t also loating bear 
thers is 4 cost for uel in the operation of the plant. minimize the friction in turning and tilin the ngs to 


Because sunshine is not dependable as a steady ^ collectors while keeping them trained on the su ca 
source of energy because ol clouds and, of course, the energy and mechanisms required for control can e 
darkness of night, some will argue that the cost of the reduced by arranging the collectors in multiple, eos 

Plant would be higher than for conventional systems of necessilating only one control for raising, and One ( y 
power generation. This is problematical; except possi- rota : or 


ting, as for example, a solar owe: plant ridin 

ctua n ay develop tha storage batteri 
d water storage, together: Sail 
Wer such as the jet e a : 


bly as applied to the use of oil or natural gas for produc- 
ing power. 
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Moreover, the benefits of invention and experience 
hold promise, and will favor the advent of solar power. 
Then too, the use of solar energy and power from the 
sea may one day become mandatory. 
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SOLAR POWER PLANT 


The feasibility of converting solar heal energy into elec- 
tric energy depends on the cost of real estate, plant, and 
operation. lt may be thought that because of the small 
amount of heat available per square foot of collector 
area, the cost ol real property and plant might represent 
a handicap. However, this is offset and probably out- 
weighed by the fact that the heat from the sunis free and 
there is no cost for fuel in the operation of the plant. 
Because sunshine is not dependable as a steady 
Source of energy because of clouds and, of course, the 
darkness of night, some will argue that the cost of the 
plant would be higher than for conventional systems of 
power generation. This is problematical; except possi- 
bly as applied to the use ol oil or natural gas for produc- 
ing power. 


Moreover, the benefits o! invention and experience 
hold promise, and will favor the advent of solar power. 
Then too, the use of solar energy and power from the 
sea may one day become mandatory. 


A solar power plant may be lightwe; h 
electronic controls can be simple; one Coris H and thy 
tion and another for azimuth. Resistance to K for 
be at a minimum, and likewise any loss due t 8 
This suggests a windbreak of evergreen Le fri 
tums of cones as collectors, the latter so t 1 
pass through. It also suggests floating be Ind can 
minimize the friction in turning and tiling the d 8 to 
collectors while keeping them trained on the „ CH 
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STORED SOLAR HEAT FOR RADIANT HEATING:AUXIUARY 
HEAT FROM HEAT PUMP AND OFF-PEAK ELECTRICITY. 
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HEATING AND COOLING WITH 
SOLAR HEAT 


In many parts of the world the solar heat collector is 
as familiar a feature of the skyline as the holovision 
antenna. This collector makes it possible to heat 
buildings with hot water or steam in the winter and to 
refrigerate them in the summer. The part of the 
apparatus that we see, the conical collector, draws in 
the sun's rays. We don't see the equally important 


storage equipment. 
r above—would be p 


ot such a system, wri 


al. Here is the description 
1980: 


a con 


er or oil u C f ME oba p 
suitable. Inasmuch as a large area of reflector surface 
is needed to collect the relatively small amount of 
available radiant energy, the collector presents an 
equally large surface to the force of the wind. This 
could become an important element in the cost of 
construction. From this standpoint, a hollow cone, 
sliced transversely into three parts and mounted in 
reverse order, will deliver the same amount of energy 
as a normal cone, and will offer a minimum resistance 
to the wind. This type of collector is easy to balance 
and to service. The reflecting surfaces may consist of 
mirrors or polished metals with a suitable finish. The 


boiler should be of copper, oxidized to a deep brown 
or black. 
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SOLAR HEAT FOR SEA WATER 

ed fresh water lakes and 
k new and reliable 
back to a basic 


Growing pollution of so-call 


streams led many people to see 
sources ol water. Their search came 


fact of our lives—the ocean is the source of our 
water; its interaction with the sun causes the rain that 
maintains our supply of fresh waler. 

This thinking led to the development of the solar 
still for seawater. Direct and reflected sunlight pro- 
vides the heat. The target area or heat trap is lined 
with a metal of low emissivity like copper, but oxidized 
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rwheel furnished the first mechanical power 
Then it went out of fashion as other, more 


efficient power sources took over. 

But now the waterwheel is back. This old device 
has been adapted to new uses; exploiting of energy 
from the tides, waves, and ocean currents. Of course 
loday's waterwheel bears little resemblance Is 


ere are contemporary comments indicating how 
this ancient implement had come to new life as a 
means of delivering clean, effective power: 


In many cases the waterwheel is the simplest and 


a e. Es present its own individual 
Problems, but in general, deep water anchorage can 
Consist of corrosion resisting cable, fastened to gril- 
lage of structural steel buried in dykes of broken rock, 
Or the cables can possibly be weighted down with 
reintorced concrete “doughnuts.” There must always 
be enough slack in the cables to allow surface vessels 
to pass in Safety. There must also be a boom-type 
Screen to prevent floating debris, including tree trunks 
and even boats from getting into the waterwheels or 
turbines. In relatively shallow water, piers, buttresses, 
and abutments, with struts instead of cables might be 
More suitable. 

Horizontal waterwheels or lurbines designed for 
buoyancy will make it easy on the bearings. 

In the concept of the floating horizontal water- 
wheel, the float or hull in which the wheels are housed 
is shaped so the water of the current will converge 


y 
Water—the Blood of the Eau 


and impinge on the paddles or 
attitude. The hull is intended 
sheet steel, with flat deck and 
the necessary mechanical equipment ply 
ballast to set the waterwheel alia? 
The generator is to be located in 
cubicle, high and dry atop 


vanes tro 
to be 


The power units must be tethered, Spa 
held firm against all the forces of naturę ia and 
the cumulative energy that is withdrawn tre N with 
Their location may be lengthwise in the 
Current, laterally from land to land, or built | 
sluiceway. Anchorage may consist of Sali a 
masonry, or of cables spanning the current ei 
lengthwise or crosswise. The pivotal bearings ett d 
wheels should be of bronze or Stainless steel; pei : 
submerged, they will benefit from the natural cooli 
effect of the water. And, of course, the buoyancy o 
the air in the thick parts of the vanes will lighten the 
load on the bearings. 


The hulls should be inexpensive, as there is no 
great stress, and the boxlike shape provides its own 
Strength. The cables must be strong and durable, and 
may do double service by carrying not only the 
physical load but also power and signal lines. The 
entire construction is light in weight, is in plain sight, 
and the elements can be easily replaced or serviced, 
There can be an integral system of lights and fog 
homs for safer navigation, and as the draught is only 
around thirty feet, there is no interference with the 
normal habits of the fish. The more notable advan- 
tages are: a relatively low investment, a uniform and 
dependable source of energy and power, no fuel 
Costs, and no pollution of the environment. 
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UNDERWATER POWER PLANT 


tides a ents is the more stant and rellabie 
The vertical rise and fall of the tides, although very 
powerful, is too slow and outside the realm of present 
day practicability. However, the energy in the currents 
that is produced by the tides is quite easily available 
under existing technology. 

The simplest and oldest method is the use of a 
paddle wheel, and this is the most suitable where the 
current or flow is not fast. A more modern device is 
the underwater turbine, which is particularly effective 
where the current is relatively swift, as from three to 
six knots per hour. Regardless; in each and every 
case, the faster the current the better. 

There are many localities along the coast, due to 
the natural formation of the land, where the tidal 
currents are quite favorable for generating electric 
power. There are many others where, by means of 
structural blockage and diversion, additional 
can be made available. ations i 


Probably the logical place to 

from coastal currents is near the Ce Glen the on 

but in cold climates where ice floes and Gë W d 
to be expected, and shipping traffic js t Jam 
something else has to be done. In the li rdous 
experience with submarines, caissons ight of pay 
work, an underwater power plant is not Ke) 
A scheme for hinged elongated buckets, y Mable, 
parallel to endless chains and sprockets Paa 
ke anchored at the bottom, and with sui a” 
ocks in a power generating bubb air 
as H H le will bear investiga. 

In view of the tendency for flowin : 

from, or shunt around an Sege pd, 
only a small portion of the total energy of the die 
can be claimed. Correspondingly the buckets and d 
construction in general can be light-weight. The effi 
ciency depends largely on the force and velocity d 
the flow. This can be augmented by channeling 
diverting, and funneling the water toward the buckets, 
The buckets would be broad for a gentle flow, and 
narrower in a swift current for the same output. 
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ENERGY FROM THE TIDES 


Some forces in nature are extremely powerful, but too 
fast and dangerous to handle— lightning. volcanic 
eruptions, tornados. 
By contrast, the motion of the tides i 
slow. However, the development of present-day 
mechanics makes it practicable to step up speed 
(though at the sacrifice of some power.) This has 
placed the tides within reach as a source of energy. 
Obviously the total useful energy obtainable from 
the lides depends on their height. There is consider- 


able unevenness in this power source, but on the other 
hand it works 24 hours a day. It is now economically 
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One basic approach to drawing ene 

tides involves delayed-action weighted from the 
tained in a massive structure, stron floats E 
withstand the assaults of wind and n enough 1, 
and then releasing the floats on up By | w 
downstroke high pressures can be a, and 
working pressures are transmitted and Geisen te 
water, oil, air or direct mechanical meane work by 
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TIDAL POWER—THE GREAT 
CHALLENGE | " 
"M ; e tides into pr techniques give us the means of tr 
droa Serie WW? RE sd high tide, and generating power from ite i Water a 
“y Kéi? w Lap Man level of low tide. To take additional Power fr to the 
Brunswick ranks with the highest in flow of water entering a storage basin at osi the 
: “hig e places as sixty feet. equally possible. Moreover, the gleaning of tide ig 
Today this corner of the North American continent cal power from the onrushing surface ti dal wo 
is served by power generated in the chain of stations the Bay of Fundy, with the use of arh ol 
along the bay. Looking back, we may see the chal- buoyant frames is considered practicable, a els in 
lenge through the eyes of the planners of that time: costly. Another possibility is to send sea ele less 
the headwaters at high tide through e from 
The power engineering challenge at the Bay of coastal power plants, as in Shediac or Bale SCH to 
the Northumberland Strait, or in the vicinity of iat 


Fundy is very exciting. One day that great source of 
energy will be harnessed, and it will seem like where the same high tide has a range of less than fiy 
feet, ° 


discovering a new world. Present knowledge and 
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elongated paddle wheel has a place in the heavy surf, 
while bobbing generators are suitable in shallow deep 
water. It is important that the equipment and support. 
ing structure be strong and in proper scale to best 
withstand the inciemency 


and vicissitudes ol the 
weather. The paddle wheel should be built low and 


the vanes should be hinged in one direction so as to 
flap with a shortened lever arm (90°) when coming out 
of the water, and to fall, extending the lever arm as 
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vorable. e of less than three fe 
de 2% we has a rang 
gen mal tide 


d never plagued with ice. they come down the other side and enter into the 
the nor ts are warm. an s are a serious problem. water. Pivotal anchors should be built iike a mule, with 
The wate tropical E arte? d along the east a thousand legs thrusting into the sott ocean bottom. 
wever rse | : 
Sc normal pe^ they jon ma, ba a Probably the best way to install the bobbing 
ida coast, e Hatteras, i the structural steel masts into a 
Florida HI mi and Cap isappear into generators is to cast | 
ween ly curve to the northeast and disappe massive reinforced concrete tooting. A system o! 
ney ern. Atlantic geet waters involves struc- jetties might also help. Much could be learned from a 
eno in power from these nas ilot installation. 
M eeh and electrical engineering. The n 
tural, mec Guy Roo 
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S JG emt po " See the crie is Bis set) Span Plum si 
pp gehn N aed aid n advantage of this natural container of aci taking 
[a > With its tidal range of nearly six feet, sizable amount of electric power is avallable Ke a 
the filling or emptying of six-foot depth of water every sorely needed short-cut to Rhode Island, Cape a 
six hours results in a current velocity of about 6.75 and maritime New England will accrue as a 0d, 


teet per second at the westerly end or Hellgate Reversible waterwheels and water turbines oe 
Bridge. It the flow were narrowed in the same built into fixed positions with flanking jetties and guig 
Proportion at the easterly end, the volume and velocity walls to prevent interference by cro : 


: SS flow or 
would justify installing waterwheels and water turbines terflow. coun. 


for the generating of power at both ends. 
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CAPE COD BAY AND CANAL 


Because of the peculiarity of contiguous tidal currents 
influencing the flow in the area of Cape Cod Bay and 
Buzzards Bay, there is an inordinately high tide in 
Cape Cod Bay, and a strong current in the canal 
connecting the two bays. The tide on the north shore 
of Cape Cod has a range of 8.9 feet, and the two 
directional currents in the Cape Cod Canal has a 
speed of 2.4 to 4.5 knots, or an average velocity of 
around 6 feet per second. The Cape Cod Canal is 
entirely at sea level. It is about 8 miles long, 500 feet 
wide, and 28 feet deep. It is Government owned. The 
canal was built for coastal navigation and for military 
considerations. It is free to all shipping, and is under 
the supervision of the Army Corps of Engineers. 


Cape Cod can be viewed as an undeveloped 
fairyland and the finest coastal summer resort area in 
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abundance ot natural power is availa em 
provements in the geography would be le E 
the way of scientific beauty and easy aardi in 
Cape. This suggests a highway and Gage to the 
connecting Woods End (near Province headway 
Monamet Point (near Plymouth). The vale and 
highway is self-evident and the power that of Such a 
generated from the tide in Cape Cod Bay A be 
the current in the Cape Cod Canal wadi A from 


defray the cost. The depth of water in a in time, 
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BERING STRAIT. i —THE CLIMATIC 
THROTTLE 


If the Bering Strait were closed except for a channel 
for ships and a sluiceway for generating electricity, it 
could have a far reaching effect on the climate and 
environment of countries whose shores border on the 
Pacilic Ocean, north of the Equator. At present the 
Strait acts as a heat thief in passing the warmth of the 
Japan Current and Alaskan Current through to the 
frigid polar region. Moreover, it may also have a slight 
inductive influence on the flow of the Gulf Stream in 
the direction ot the Arctic Ocean—all to no avail. 
Closing the Strait with an all purpose wall, or cause- 
way about a mile wide, would be a simple matter. The 
land connection of Asia and North America at this 
location (once above water) is now covered with water 
about fifty six miles wide and sixty feet deep. The 
continental shelf in this area is of the widest on earth, 
indicating that here was as isthmus at one time. 
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The benefits of such a la 
varied. By raising the avera 
ature of the northern Pacific Ocean, the 
southern Alaska, below the Arctic Circle ; 
milder; the coastal area of Canada and th, 
States would be warmer and the water mor 
for bathing. The Asiatic shores would benefit | 
This could be a boon to commercial 
development in Alaska and the Yu 
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America and Africa could be included, thereby a Joint 
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«can Niagara Hydro-Electric 

GRE AMON nd discussed. There are 
A we can be reasonably certain 
problems: ipg of the 21st century this project 
n ind clean power to a large area 

a is an example of the thinking 


countries: prise into motion three generations 


Keier 
APT wis enter 


T energy shortage has become apparent, 
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ince the €. | irections for possibilities of 
N e lookin ki ba the latent power in the 
f ik Lakes as it flows to the sea. By 
i © find that four of these large bodies 
p n a relative plateau, about 600 feet 
a They do not drain a great deal of 
tin themselves cover a very large area. The 
Ree collectively from lake to lake and vara 
waler TT Niagara Falls in the Niagara River. 
deus. d in size and height for the generating of 


above sea 


electric power. They are of course 
wonder and beauty. ' 

To change or mod 
ara Falls requires cou 
lion. The beauty of 


also a thing of 


ity the physical nature of Niag. 
rage and above al Circumspec- 
Niagara Falls must not be com- 


promised, yet practicality and scientific progress in 
people's welfare deserve cautious consideration. Al 
ready a small portion (about 20%) of the water ls 
diverted for electric power, by agreement between 
Canada and the United States. It seems that half the 
flow of the upper Niagara River could be used for 
power without losing much of the scenic attraction. 
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Power from the Waves 


A bit of wood bobs on the surface of the we M 
moves up and down as the waves pass a KR 
but seems always to remain in the same spot. i 
simple phenomenon has always been easy to ol 
serve. But not until the beginning of the 21st century 
was its message translated actively into a solution for 
the power needs of mankind. 

We watch an object floating. The waves move 
shoreward, one after the other. The object does not 
ride into shore with the waves—although it may inch 
toward the land. Most of us know, in a general way, 


a moving. 


a isses A 
e wave in an eclipse, but after the wave passes the 
particle comes back to just about the same place it 
started. The wave has force but it has no weight. 

Sea waves, whether caused by wind, seismic 
disturbance, or the tides, can travel great distances 
while retaining their power. Because the water stays 
in essentially the same place as the waves pass 
along, there is little loss through friction. In the deep 
ocean a wave will role, unhampered, for thousands of 
miles. Vessels in the ocean constantly rise and fall on 
the surtace, ital motion. If the 
vessel is stopped in the water it will not move very far 
from the point at which its forward motion ceased. It 
will ride to the top of the wave, roll to the trou h, then 
begin to ascend the next wave. dom 
e a he han sixty feet. (In the 20th 
century there were constant reports of waves as high 
as 120 feet, but these reports appear to have been 
enhanced considerably by the imaginings of the 
mariners of that time.) 


achieve a height of more 


thin CO0 mf. 


observe deep ocean waves from the au 
sea. There are no more “ocean liners"... 
ships that once served as a 
intercontinental commercial transportation an 
offered vacation tours. Today we fly over the w 
altitudes of more than 65,000 feet and see lit at 
faintly wrinkled surface. 9 buta 


Nowadays not many of us have ha 
nce t 


o 
Ce o the 


principal m Sa Aas 


d later 
er al 


Our day-to-day observation of ocean Waves | 
S 


likely to be restricted to the shore. And her 
perform differently. Here is a description ol pin 
waves, written around 1950: as 


As the 


of wave refraction, and it has considerable geological 
importance because its effect is to distribute wave 
energy in such a way as to straighten coastlines. Near 
a headland the part of the wave front that reaches 
shallow water first is slowed down, and the parts of it 
in relatively deep water continue to move rapidly. The 
wave thus bends to converge on the headland from all 


sides. 


Il will enter an the t 
of the same swe rough. The wa 
other më wave front will become elongated ve 
An n 


the orbits ex 
i I S Sur. If the water conte PUS 
ena! waves at any point along the get shallower, the er continues to 
ef no height oN low. This is why bays make a turbulent mass SEH becomes a foam ling 
e d is cone d exposed promontories are sub- — broken wave p be i 
gno rage 


: , asses into deep water 
aie anchor battering and erosion—all by the same breaking on a bar | 
o wa 


+ aS il does after 
height that r bar, it can form again with a lesser 

ject I formation of normal swell by shoal the air trapped by the cates of energy. Sometimes 
że final verent a breaker is an exciting step. and explodes with a great SERA is Wj 
ol shallo ra ve been shortened and steepened in On the other hand, if the bottom slope is long =: 
The wave roach because the bottom has squeezed gentle, as at Waikiki Beach in Hawaii, the crest forms 
he final ap ‘bital motion of the particies into a tilted a spilling breaker, a line of foam that tumbles down 
he circular We cle velocity in the crest increases and the front of the partly broken wave as it continues to 
ellipse: - ik up as they rush landward. Finally the move shoreward. 

I ave: 


f the crest iS unsupported and it collapses into 
front O 


ROLLING ENERGY FROM SURF AND ROUGH WATER. 


— RESONANCE — 


FEATHERWEIGHT FLOATS 
A" SKIMMER. TYPE 
i  — Gumio Harry Power Roes- 


MEIGHTED BALL 


ZYW, 
MEL ANO RATCHET TRANSMISSION 


25 
"n WEIGHTED ROLLE 
AGNEJO Typg GENERATOR ES P 


1 ae 
N N , VE ex [ 
M CHAIN OY 


s y Q SENOS 


/ FLOAT IN ROUGH WATER 


o 


300' Prus 


/ 71 
ç AINCHOR, 
/ 


U 


72 


For thousands of years the power of the surf was 
considered totally destructive. The surging and pound- 
ing of ocean waves broke down the shoreline. When 
winds became high the waves rolled inland to destroy 


nearby dwellings. f 

Jetties and breakwaters were built to interrupt the 
rolling thrust of the waves and diminish the erosive 
and destructive effect of the water as it reached the 
shallows. For a few, the surf became a medium of 
recreation. Surfboard riders sought out areas such as 
the northeast coast ol Oahu where the beach was 
long and the surf consistently high. Bathers at 
beaches around the world enjoyed swimming and 
coasting on breaking waves. 

But the beaches themselves were highly vulnera- 
ble to wave action. Ocean waves possess the power 
to wash away a mass of sand, leaving only mud. The 


erection of jetties offered som 
sandy stretches of shoreline, bor A IP in Prot 
perplexing problem. Oslon eme tg 
Around the middle of the last cen Ned a 
dents of the waves such as Willard > Varioy 
to formulate ideas leading toward th Bascom, N 
the destructive effect of surf x neutralizai gan 
wave power for positive effects. Th ML 
the planned emplacement of breakw. 
control the incoming waves, and the 
devices to translate wave energy into develop 
We may still see the first fruits of hea 21 
the "paddle wheel" installations in AGR aa pio 
Harbor, Maine, and Seal place 
following contemporary com , 
ments 
paddle wheel—even- then—was i Pp the 
red the 


definitive answer. 
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meli paddle wheel method of utili Asie d d 
probably the si i 
ha: embraces the simple 


ve. The operation 
reg; are cesen in vogue, somewhat 
resembling the mechanism of the windmill, but fe 
ing a flywheel and governor to smooth out t 
i rony that occur at about 
. These systems have a place, as 


The choice of design depend 
of the region or locality, in S ON the 

exposure. The kia wi Quo tide, Eua, 
whether the installation is located o also 

in a bay or in a cove; the point e: a 
have as much as a two to one a de Promo 
the desired surf one must expect ell D, l d May 
in which case the cost of Structure  S(derable Te ję 
influence in determining the size and e have ae 
readth M th 
e 


paddle wheel. 


interesting novelties, for generating power on an 
shore property. A bank of storage 


island, or for private 
batteries might be a desirable adjunct. 
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or 


mo 
shore. Th 
ih progressive 


the 


comp 
waves that are 


5 


classifie 


act quite like those in 
winding, and up-and- 
tive to the collecting O 
contrivances designed for con 


va 
i h of less tha 


ore. 

n The waves that 
in W 

ion are those In 

s d as shallow wa 

mid-ocea 


eakers a d 
be comp 


less a rolling 


also directiona 


lex, du 


en there are the 


tid 


al flo 


V 


deep sea, 
hose of the 


e to an intermingling 
rious directions. Those in shallow 
n half the wavelength, 


action in the direction 


breakers in which the 
ly diminishes as the wave 
beach or land; these have a horizontal 
approac t. Tidal flow is usually accompanied by 

DS |, generally toward the 


are best suited for energy exploita- 
ater 50 to 300 feet deep, usually 
ter waves. These waves may 
n with erratic rocking, 
down motion, which is conduc- 
f energy with mechanical 
trolling and utilizing this 


wild action. How this can best be accomplished is still 
inning has been made 
f the familiar bell buoy. 


unknown, but a 
in the design O 


significant beg 
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COMPALSSEO FIR. 
I 


"d 
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Trova os S Foor Ocean Nave 
Wave LENGTH 


as. The blow me be TTE 
caused 

E eans. The one illustrated makes Ke : 

Sir) t, fluidity, and relative incompressibility of a 
s a ram or train of force, with the rushing water in 5 

pipe resulting in what is known as “water hamme ` 

The heavy balls on the masts are intended to dée? 

a whiplash effect and to augment the dipping and 

est, : the float, the better to amplify the dashing ot 
e constrained water against the 

dui g plungers of the 

The energy that can be captured from any one 


wave in this manner may appear infinitesimal, but 
hen it is multiplied by the n ro Ies 


several m 


JMO 
del 


2 24) il Il build ul - 8 o 
amount. As a part-time source of power this device 
can contribute much to prolonging the availability of 
power from burning fuel. 
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| ack of frictional re 
waler through which a wave travels goes practically 
nowhere except up and down, its power can be 


exploited easily 
A wave six feet high and a properly designed float 


can actuate a ram to deliver water hundreds of feet 
high into a storage reservoir, or to an accumulator at 


a lower level for direct hydraulic power. 
An early and basic use of this principle consisted 


of an anchor, a tubular shaft containing a pump, and 
an airtght hollow metal float. The float sinks during 
the upstroke of the pump and rides high during the 
downstroke The resulting resistance energizes the 
pump. 

The higher the wave and the smaller the piston, 
the greater is the effect. Distance to point of delivery 
matters little, because of the very low frictional loss. 
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HYDRAULIC POWER 


Oe ELECTRIC POWER. 


WIND AND WAVE POWER— 
RESONATOR 


ep water waves differ from the shallow — 
la he: s tha oss one 
Y Y | ov rel kle: tos 


no partici attt , but s ave e cnara 
teristic up-and-down motion of the water as a wave 
passes through. The energy in a simple wave is easy 
to determine, but that of complex, deep waler waves 
can have different values under various conditions. 
As wind and waves move along together, it is 
possible to take power from both the horizontal flow of 
the wind and the vertical swaying motion of the 
waves, to obtain total power. One drawing shows a 
buoyant, inverted, bell-shaped float with a free- 
swinging, weighted pendulum and eight air pumps in 
a ring which are used to transmit the whiplash energy 
of the waves into the float in the form of compressed 
air. The windmill on top, by using chanical 
means, also contributes to the sto! npressed 
, possibly for delivery to ai. ee 
g float for conversion to e 3 
The second shows a resonating float of similar 
form, but with a different mechanism. In this case a 
free-swinging, suspended, weighted iron ring strikes 
an iron nng, which is connected to the pistons of a 
radial air compressor. The compressed air is stored in 
the billowy walls of the float, and in turn is used to 
generate electric power in a turbine and generator 
designed for the purpose. Whether the electricity is 
generated inside the float or at a central point, and 
whether the wind is also used for power, depends on 
the location and local conditions. In either scheme, 
the function ot the anchor is only to prevent drifting, 
while the materials and structures must be capable of 
absorbing a great deal of stress, strain, and abuse. 
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Obtaining power from ocean waves can be ac- 
complished in many ways, and as with all things there 
is one best way for any particular set of conditions. 
The choices become fewer in deep water oulside the 
continental shell. at depths of one hundred fathoms or 
more, where the wavelength remains constant for 
great distances. Quite different is the behavior of 
waves in shallow water, over the continental shelf, in 
depths of one hundred fathoms and le He 


waves k ie [^ his is, of course, influ- 


enced by the contour of the ocean bottom and a 
myriad of natural conditions contiguous lo and pecu- 
liar to a certain location. 

Consider an average location with a water depth 
of about forty to eighty feet, and with a history of 
waves that have not exceeded forty feet in height. The 
drawing is intended for such conditions and locations, 
of which there are many. Specifically il assumes a 
storm wave 20 feet high and an average wavelength 
of 150 feet, in water around 60 feet deep. There are 
three floats, positioned in an equilateral triangle to 
obtain maximum exposure to the waves, and to obtain 
a power stroke every half wavelength (within about 
live seconds). The floats are hemispherical, thus 
limiting the upward thrust to an amount equal to the 
weight of twenty feet of water, with the limit controls 
allowing for a salety factor of two. The available 
power is enhanced by the lever arm from the buoy to 
the hinged fulcrum. This can result in an additional 
advantage, amounting to a ratio of two-to-one or 
better. 


Through this scheme the wave energy can be 
converted to mechanical or electric power by several 
means. One way: the energy captured from the 
up-and-down motion of the floats is transmitted to a 
system of gears or high pressure pumps, producing 
mechanical power or electricity for whatever use it can 
be put to, including the production of hydrogen. 


80 


VE AND LEVER POWER IN COASTAL WATERS 
JAVE ' | 


PLAN 


Power House 


ENERGY CONVERSION 
4 


Guy LINE. 


— 


Tc, io diit: 1" 8 
STILL Arta Level NEUTRAL Line 
S 
SECH /NTERŁCEKING6 STEEL PILING > 
ia m < CONCRETA INS:DE m 
LL |= H Ceres Soror T 


The idea of harnessing the power ol the sun eva 
on in the last century, and sturdier and more Sop is i- 
cated devices were designed and tested. Some suc 
ceeded. others failed; but even the failures helped 
designers to improve ways of implementing the prin- 
ciple. 
E student may be interested in the onm 
ments of a contemporary observer, as contained in 
the following excerpt: 


By nature a small amount of energy can create a 
relatively large wave or surf. And whether a wave iS 
wind blown or is a smooth surface swell, its motion or 
effective force is more up-and-down than horizontal. 
Of course, there is considerable forward thrust in the 
talling water at the breakers as the waves approach 
the shore. The available power may not be as great 
as it might seem, yet this together with the possibility 
of saving a beach from both damage during violent 
storms, and from the sometimes mysterious shifting of 
sands, warrants the building of a power unit and jetty 
in some localities. 

There are several possibilities for extracting power 
from the surf. The elongated waterwheel of a design 
appropriate to the height of surf appears to be the 
most suitable. Because of the devastating forces of 
wind and storm, the wheel and structure must be firm, 
limber, and strong. These requirements are a chal- 
lenge to new and original thought. A waterwheel of 
conventional design could well result in considerable 
weight, which in turn might impose a heavy load and 
produce excessive friction at the bearings, and thus 
consume a large part of the energy contained in the 
waves. 
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SHORE PROTECTION AND SURF POWER 


PS 


i ith either an electric gen 
: with coupled with ei generator or a 
The problem of design is thal of deena tu One of the early bucket-type installations”: 
A described this way: was 


intermittent energy and impact, 50 as < and 
low limits of fnctional resistance at the beanngs. 


t he untoward forces of wind. The wave I Ñ 
KR L vary. ranging vom WO Soad ie TRD R o 
feel for design conditions, with periods of a oka troke. The return tak 79 Position after its 
five to ten seconds. The wavelengths may ok AE sal xi ight a > MI tha aid of 
one hundred feet. This calls for light but rugged an ais Sus pre Se escape slots in the 
construction; analysis suggests a buoyan! shaft and bucket, dunng f sd bo ae or period between 
floating flywheels in tanks of water, whereby making waves, ranging Veit about five to ten seconds—mo 
the friction in the beanngs OF floats almost nil nearly the latter if the waves and breakers are high. i 
considering the extremely low coefficient of friction is assumed that this device will work best in locations 
between the meta! surface of the floats and the water, where and when the waves are three or more feet in 
at so slow a speed. height, and occur often enough to justify the cost of 
installation. The mechanical principle involved ; 
somewhat analogous to a watch with its powerful M 
slow-moving mainspring and its train of gears lo: 


The simple waterwheel soon gave way to the 
stepping up the speed to a practical rate, 


concept of the "power bucket. This device involved a 
tilting bucket. with geared transmission of power, 
connected with a ratche! clutch. The mechanism was 
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nd bucket-type installations are still 
eel a 


with attendant cables, sheaves, and weight 
gale whe tory in many places along the tower is probably the most practicable = Sec 
pac” catistac n increasing amount of the By these means the vertical motion of th 
ating orld. But a mes from rodu j dip wg 
„pe d the w e onshore waves co C p ces a vertical Movement of a sliding weight in 
goasIS KE derive hich are geared to the lifting motion the work tower, which results in a gravitational force 
power devices W rinciple is related to the simple that can actuate a pump tor water or air, or i 
simp! „aves. The p wood bobbing on top of the actuale a mechanism based on the principle of the 
of tne je of the bit pass along. This up-and-down hydraulic ram. 
examp the wava ead in such places as The practical details as to size and kind of 
wt, as been the windswept Oregon coast. equipment can best be learned from experience with 
sit, Head on “lift. arrangements were small- a trial installation, and from inquiry into the various 
" first, the Weier e individual householders to methods of obtaining motive power and putting it to 
‘is designed the nearby surf. Builders in the advantage ina Particular way. It is assumed that an 
derive H we: Te 21st century were guided by such Ibis: e MN lab 
ares a th ore 
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iameter and forty feet long, 


aves would deliver enough 


riding on four to six foot w 
power to run a moderate-sized onshore workshop. It 


know now, there are many locations where 
As we 


could also provide electricity tor the home and for 
f the ocean waves can be made useful. For beach and boat dock lighting. 

e 
the force O 


le, small-scale installation a "weightless" float 
a simple, 
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There was a severe limitation on the use of natural 
surf as a source of power. Too few coastal areas 
embodied the right combination of elements to pro- 
duce the kinds of waves that could be exploited for 
this purpose. So, since the natural coastal configura- 
tions were not numerous enough, it became apparant 
that artificial means would have to be found to direct 
and concentrate the energy of the breaking waves 
and convert it into positive use. 

Now, of course, there are numerous such plants, 
at Cherbourg on the French coast and at Wick in 
Scotland, to name just two. The essence of the 
method is to impose on the shoreline man-made 
S imulate the action of a sea v 
t artifically-broken wave, and then 
turn it into usable power. In this way we came to 
derive great benefit from waves in areas where there 
were no natural configuration that would produce the 


RACK AND PINION a 
DOVALE ACTION 


SVETARL DCOOP — 


tap force of the rising wave an 


desired effect. Some of th 
sint e i 
artificial sea wall is quoted oe Planning 
° for 
an 


When the common wave 
becomes a breaker (due to draq zę 39 lo s 
backwash from the shore), the bs Fh the Q 
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as the breaker spills the water on ń horizontal th 
breaker cuts off the reaction or b 8 land, ne di 
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tal power plants with which we are 
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the design wavelength, and its position athwart the 


ec ina concepts that have grown waves. At both ends of the tank there are hermeti 
The T g operate lo pments. Here is how the sealed tanks filled with air. These tanks can be r 
lail earlier converters worked: practical design length, or probably the same as the 
N of dual-powe first tank—half that of the design wavelength. 
ast bi ar the shore can be separated The longitudinal tank functions as a hydro- 
ye energy ne vertically and horizontally by pneumatic ram. As the water in the tank rushes from 
a (ces acting f the seesaw and the hy- one end to the other du 


E 9 ring each wave, the pistons 
into Wina the principle © 


waves approach the shore in send compressed air into a high pressure receiving 
mt) A _As the e wavelength shortens from tank, from which it activates a rotor and develops 
WE shallow wa about 400 feet. Though the electric power in the generator. Coincidentally, the 
er bes d atat will vary, the frequency re- 
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end floats or bounding buoys convert the uplifting 
force of the waves into mechnical and electric power 
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More Energy fromthe Oceans 


Di ring the Initial experimentations in the last century, 
onshore wave converters were found to be 
effective—but their scope was limited. Installations 
designed to use the power of the surf could be built 
only in places where the configuration of the shore 
line was favorable. 

So in the final decades of the last century, 
planners—seeking hungrily for sources of clean 
power—lengthened their sights. They began to look 
outward, beyond the breakers, to the waves rolling 
along the surfacee of the deep ocean. The total power 
of all the waves in deep water is almost unimaginable, 
approaching infinity. As long ago as 1970 certain 
scientists concluded that their technology was 
adequate to the task of making a small percentage of 
that vast power available. 

At first the thinking centered on the emplacement 
of fixed ocean platforms, similar to the offshore oil rigs 
that dotted some coasts during that era. But the 
difficulties in making such platforms strong enough 
soon became apparent. The following is from a 
document of the time: 


A pilot installation was tested in 1982. It consisted 
of an anchor, a tubular shalt containing a pump, and 
an alrtight hollow metal float. The energy tor operating 
the pump, comes from its resistance to the rising and 
falling of the float. I! the float were only to ride the 
waves at its normal water level there would be no 
power; bul if the float were sunk to its full height 
dunng the upstroke, and then rode high during the 
downstroke (because ol work done by the pump in 
each case), a considerable amount of useful energy 
could be realized 

we have also found that the length of the piston 
and the size and shape ol the float must be designed 
to suit the average conditions indigenous to each 
locale. The higher the wave and the smaller the 
piston, the greater the effect. The distance from the 
wave to the point of delivery matters little in so far as 
friction loss is concerned, because ol a low velocity; 
however, an appropnate and practical size of pipe line 


is desirable. 


Dems, thi refore, t 


resisting them only enough to skim o 
amount of the energy. all within the safe structural 


stability of the design installation. 


“radicular and C f 
wavelength moves up and down, backward and 
forward, and yet it goes nowhere except for a slight 
amount of drift influenced by the movement of wind 
and sea. The drift is slow and has little force but it 
may be constant and must be dealt with. 

Since the energy in ocean waves is mainly in the 
up-and-down motion, the apparatus for converting 
that energy to power must be designed with resis- 
tance or reaction to vertical forces. For that purpose a 
bobbing generator seems to be indicated. Such a 
system tends to nullify inertial resistance, as when a 
swift acting force meets the slow acting resistance of 
inertia. This can be illustrated by a rifle bullet passing 
through a free-standing board without causing the 
board to fly or even to quiver. Another example is in 
the breaking of a brick with the edge of ones hand, in 
a karate chop. u 

The drawings show an idea for obtaining power 
from the waves in deep water. The set-up consists of 
a floating spar-type mast with a large stabilizing plate 
at the bottom, a bobbing float, racks and pinions with 
clutch and ratchet feature, stepped-up transmission 


gears and flywheels, electric generator, and weather- 
proof housing. 


n opere 


¡Da U V a gears are TI eg 
e waves. The clutch and ratchet in each of the 
pinions is positioned so that one takes power in the 
upstroke and the other in the downstroke. The mast 
contains air for buoyancy and has a broad plate at the 
bottom to resist sudden surges, upward or downward. 
Theoretically, a wave can come along—do its 
work of raising the float with somewhat of a jerk— 
before the mast and stabilizing plate have had time to 
respond. The force will be nullified by the downward 
thrust of the float as it descends into the trough of the 
next wave. This, of course, depends on the mast 
being long enough to reach into the relatively quiet 
water below. 


The power of the ocean wave was finally captured 
with the greatest efficiency by the double action wave 
pump. Since the water through which a deep-sea 
wave passes goes practically nowhere except up and 
down, a properly designed float can exploit this 
constant motion with little frictional loss. 
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POSEIDON'S WRATH 


desiq Alle 3 
float with an internal waterwheel carrying cups some- 
what like those of the old anemometer, with the 
motion always flowing in one direction. This water- 
wheel was the basis for converting sea power to 


electric energy. 
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THE NEW WONDER OF THE WORLD 


From all over the world tourists come to see the new 
"floating city" of Oceania off St. Raphael in the 
Mediterranean. You may not have visited Oceania, 
but you have, of course, seen many spectacular 
holographs of it 

Oceania is a magic city on the surface of the sea, 
built as a tourist attraction by the worldwide Disney 
Enterprises. But there is more than just recreation in 
the idea of the floating city. The idea for such a city, 
and the means to build it were first proposed more 
than eighty years ago. 


There is great power in tho up-and-down and 
slightly tilting motion of ocean waves. To utilize that 
power, requires a transfer mechanism altached to 
something stable or immovable that serves as an 
anvil; something on the order ol a sea wall or a 
heavily-laden ship with a deep keel. 

Take for example a floating township in the shape 
of an equilateral triangle, six miles long on each side, 
having a keel around the perimeter reaching one 
hundred feet into the water, and a height eight to ten 


stories above the sea. Setting over the : 

shelf, in water less than one hundred tatoo tinenta 
and away from ocean currents, so large 2 Sep, 
should remain pretty well in place after Ce Zeie 
tioning and drill-hole anchoring. elul posl, 

Such a structure would have man 

be served by, and provide a haven foe shee lt could 
helicopters, and submarines. It could also ush Planes, 
benefits of a marine life culture and indie, in the 
envisioned by Jacques Cousteau and sth ry, as 
terested in marine science. ers in. 


upward. «ni thi "i Ig the 
c to mechanical HM ÀÀ hy 
el e plished BALIO 


of hinged buoyant paddles, ratchets and pais dies 


shaft with flywheel, and an electric dynamo 
generator. The paddles can also be of the platform 
lype, operating with rack and pinion. For continuous 
power, reliance would be on storage batteries, and 
possibly on solar heat, with auxiliary conventional 
power if necessary. 
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pow as ventured into choppy coastal waters in An anchored craft or scow, used for producing elec- 
Anyone wh r any other small craft knows the power and tric power in this manner should be of a peculiar design 
grow ato ect in the boat, particularly when. it is to maximize the force of impact. This suggests a radial 
pumpin ee rt the waves. „Anything I loose will fly keel, so as to accentuate the fore-to-aft rocking effect, 
poin a sii sometimes with smashing force. This loose iron balls or rollers to crash against the plunger of 
rough 17 is quite different from other kinds of power 

nt 


an air pump or a pneumatic ram, and a weighted ball on 

viole m the sea, which are generally strong, but a mast to induce a snap or whip action, which will 

availa | fro Hence we must use different principles to prolong and strengthen the forces of impact—the more 

slow in action. instance, the conventional train of gears powerful and sudden the ram action, the higher the 

arnesS it For! ower from low speed to high speed or pressure of air in the tank. This action will tend to carry 

(ot changing va M replaced with compressed air. Thisis over during the wave periods, ranging trom five to ten 
vice yena eby engaging the principle of the hydraulic 


madero bicycle pump, the hydraulic jack, and others 
ram 


tattain ahigher pressure per square inch through the 
enai effectiveness of impact. 


seconds, and will assist in generating power by direct 
expansion of compressed air. 
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This kind of anchoring may also produce power from 
the waves ve action in deep water is generally al- 
Mid „o here is the upward force during the crest- 
ing of the wave and a downward force due lo gravitation. 
The upward force offers the greater opportunity, under 
the present know how, for conversion into useful power. 
The harnessing of the upward force requires anchorage 
of some kind. This suggests a heavy weight on a cable 
or a structure resting on the bottom. 

Experience with off-shore oil wells has taught us that 


drilling into rock under water is no problem, We " 
how tocreate cavities in rock and to reshape metal D ? 
explosives. Together, these technical advances mai 
us to make a sound and solid connection with the Nable 
floor, and one which will not drift regardless ae 
weather or the vicissitudes of underwater Steng the 
The drill-hole anchor can be of several designs ; 

of a proper size and spacing to suit any particular 
pose or installation. The cable should have Er e 
slack so that in time of a heavy sea, the pull will lark 
plumb and the stress will not be excessive, The r 
ferred materials forthistype of anchorage are: STAR 
steel, silicon bronze, phosphor bronze, or Monel mela. 
In some parts of the rig improved plastics may be suit. 
able, particularly for the cable. : 
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moving water can be made to The priming water comes from a reservoir, and i 
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nies % hi system which involves released wh 

e qual ower within 8 à en the piston has risen t Geste 

Te workin together. For example, one position. Since there is no generation > the “ready 

J ral forces s watertight piston in a vertical water the piston rises to the top of the tank ewel while 

f i , this 

plan Gg va is forced down by a priming charge of employs two or more tanks in series d e 

tank The P'S cure forces the water below the piston continuous service. or 
i k and through the A more or | imi 

wale isers outside the tan d less similar system can be used 

throu e ina turbines. The water is discharged localities where the tides are unusually high. zs 

poner the piston. pressure is provided by the rising and falling of the 

on Gen the piston reaches the bottom a flapper tide. In this case there is power on both the upstroke 


One Hove Cyrene 


ide opens, allowing the piston to float 


its sid and downstroke, but there is a considerable lull at the 


e on b from which point the cycle full flood and ebb sta 
starting level, ges. 

Ú ke SECH e operation is analagous to that of the 

is rep ` 
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MID OCEAN HYDROGEN SEPARATION 
AND POWER 
s to work to find a 


Me shortage of oil sot thinking mind 
suitable alternativo. energy scuro, The les 
»ssibillies wore atomic fission ! s 
m and atomic fusion. The y 
ous elements, most 5 
are abundant, of „dn 


en and the oxygen In 
s known as 
it was 


Tho soparation of the hydrog 
water is dono with electricily by a proces 
electrolysis. As indicated on the drawing, 


learned that the power of the wi 
be used to generate sida ese Waves 

separation. The electrolysis could City to ma bie 
platforms in the ocean, and tanks Se Undertaker tho 
iiiar be fuged wit e Can e 
energy at the point of use. It was rg Aaa, 
favorable locations of the platforms Am leam e. 
ulilize solar energy and to add it to th adek Possib| i 
by the wind and waves. e energy generate; 
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oe static e chanics. The pressure is great and the 
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energy bra ressure is relatively small in amount, LVolksHop * 
i is slow. 


still emplo 


u as are more ess equa all direc- 
i action is smooth flowing, more nearly like 
Jl an that of the sharp and shattering 


ulics ! 
e of a power press. 


the moulding and joining has been 
“na the work pieces in a rubber bag and 
done org: R a blei with high pressure 
[quem or steam, and even air, the work would be 
S reg ‘or shaped as intended. Good results were 
moulded Of Se flexibility of the rubber bag and an 
absolutely even pressure exerted in all directions. 

The scheme illustrated by drawing is intended as a 
substitute method for doing the same work, but 
without burning fuel. The work piece is placed in a soft 
and pliable bag and lowered in the water with a sinker 
of neutral buoyancy. The sinker consists of a metal 
cylinder with an air chamber, suspended with a 
stainless steel wire ON a reel. The weight will sink 
slowly with gravity, and can be raised at a similar rate 
of speed if the volume of air in the sinker is in correct 
proportion. Of course, the slower the lift, the less 
energy will be needed to raise the work from the high 
pressure area to the top. 
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WAVE POWER AND OCEANIC MINING 


We have all seen on holovision, the large floating 
głobes that make up the surface components of 
Oceanic mining units along the continental shelves of 
the world (the S as ng 6 eas ) 
Scotia 


a Sal Eighty years ago such 
projects were almost undreamed-of. Here is how a 
Science writer described the possibilities in 1971: 


The time is right for study and preparation tor the 
exploitation of nature's riches which abound in and 
beneath the coastal waters of the world. The conti- 


vn a 


endinc wal ani | 
e CO enta , offer industrial prosperity for the 
future as advanced techniques and equipment be- 
come available, and when underwater husbandry 
becomes urgent and profitable. The continental shelf 
ranges from a narrow band to hundreds of miles wide, 
with an average width of around thirty miles. Much of 
the depth is from fifty to one hundred feet. At present 
the mining and farming activity is limited to extracting 
minerals much as magnesium and manganese, and 
of course the drilling for oil, and the harvesting of 
shellfish and useful plant life. 

Scientific research and development in connection 
with the design of submersible ships and underwater 
exploration, are markedly advancing the time when 
living and working on the continental shelf will be 
practicable and feasible. At the present stage, a huge 
diving bell would be suitable for scuba divers in 
depths of thirty to forty-five feet. For greater depths a 
thick shell able withstand pressure, and a proper 
mixture of hydrogenated air is needed to avoid the 
"bends" or aeroembolism—the bubbling of nitrogen in 
the blood when a person moves from deep water to 
the surface too quickly. And to facilitate moving from 
the ocean surface to the continental shelf, a hermetic 
System of elevators and submarine structures will be 


needed. 
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WAVE POWER AND OCEANIC ITINING 
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GEOTHERMAL EXPLORATION 


The possibilities of energy from the depths of the solid 
earth are still being explored. Deep mining operations 
conducted during the last decades of the 20th century 
gave ample indication of the heat of rock formations at 
various levels. For example, a gold mine in Johan- 
nesburg, with a shaft more than 3000 meters deep, 
showed that rock temperatures ranged up to 59'C. 

There was continuing debate about what the earth 
is made of. Increasingly, thinkers were led toward the 
conclusion that the center of the earth is semi-liquid, 
consisting of iron and nickel, with heavier metals like 
gold, silver and platinum at the core. 

As we approach the midpoint of the 21st century 
we know that exploitation of power from the sun, the 
wind and the water have moved ahead more rapidly 
than exploration of possibilities from inside the earth. 


The depths of the globe constitute our next power 
frontier, 
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Solutions to 
Transportatio 


ds in the las! century 
le inconvenience and 
of transportation were 
ere, bul particularly in 


Moving of people and goo 
became a source of unbeara 
waste. New and better means 
absolutely necessary everywh 
the United Geet ere e railroads, once the 
backbone of the transportation system, had been 
allowed to disintegrate. Observers began to suggest 
ways to revitalize this deteriorating resource for the 


21st century: 


A railroad car should travel at a speed upwards of 
one hundred miles per hour. An airfoil Mr 
an 


design would reduce air resistance to a minimum, 

an arrangement of baffles or paved ground could 
impart a certain amount of uplift so as to reduce the 
load on the bearings. A wide wheel-span, much 
greater than the present 4 fool-BV2 inch standard 
gage, would improve the stability on curves and on 
steep downward grades at high speed. Without spe- 
cial regard for aerodynamics, a railroad car shaped 
like a large pipe would be the easiest to build and has 
many advantages. The construction could be light and 
strong. It could absorb shock without buckling, and 
would be the least affected by wind and other external 
pressures. The passenger seats could be mounted on 
cradles for easy and comfortable riding, and the 
wheels could be large to reduce friction, and with 


deep flanges to improve safety. 


HIGH-SPEED RAILWAY CAR 


mechanical work done with greater 
e at of transporting 


e an arrow, splits the air a e a 
minimum of resistance from head pressure, though its 
length creates eddying and suction which have a 
somewhat retarding aflect. Since speed and conser- 
vation of energy is the order of the day, it seems that 
new knowledge in aerodynamics should be drawn 
upon for improvement and maximum efficiency. 

The design of the cars and trains will be influenced 
by progress in the related arts and sciences. Aestheti- 
cally there can never be anything more beautiful than 
a string of cars drawn by a steam locomotive, as in 
the early twentieth century, rounding a curve at dusk 
or dawn. Diesel and electric trains have since held 
sway. but the appearance oł these types of locomo- 
tive have been anything bul attractive. 
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A railroad car with a speed of one hundred miles 
per hour must be designed to be structurally and 
aerodynamically correct, light in weight, with corres- 
pondingly efficient bearings, and with built-in safety for 
passengers. A tubular or cylindrical form seems to 
satisfy all requirements and is the easiest and 
cheapest to build under our present technology. It 
requires only a string of offset rolls, adjustable to 
variable radii, as are commonly used in the fabricating 
of welded tanks. This concept involves the skin stress 
principle for structural strength and for lateral stiffness 
in all directions due to the nature of the cylindrical 
form. There is also absorptive impact resistance by 
yielding and folding at the leading edge in time of 
impact or collision. 

Designing for a speed of one hundred or more 
miles per hour, for cross winds of seventy-five miles 
per hour, and for the effect of impact, demand that the 
structure of the components must be strong. The rails 
should be curved or open-jointed for expansion and 
the wheels should be relatively large so as not to 
overheat the journals. 

The design makes use of a stubby column which 
is anchored and aligned in a massive foundation of 
concrete. The wheels, of which there are four, are 
large and revolve 105 times per mile, 10,500 per hour, 
or 175 revolutions per minute. The rails are supported 
on a triangular open-web truss, which has good 
vertical and lateral stiffness and strength. The truss 
also provides transverse shelf angles for added stiff- 
ness, and the convenient off-the-ground carrying of 
pipes and conduits for telephone and telegraph ca- 
bles, potable water, power lines, and liquid fuels. The 
gage or spread of the rails, and the double decker 
cars are proportioned to make the present railroad 
rights-of-way suitable and feasible. 

In exposed reaches where there is the likelihood 
of up-draughts or treacherous winds, the guide mem- 
bers on top of the cars should be of hook fashion to 
prevent derailment. 
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As a final summary, there is no better example of the 
belia that saved our planet than the new use that 
as been given to the familiar * 'electric > don bulb." 


means o 


8 considerable heat was j also pro- 
duced. This Beet was wasted— until it was put to use. 
The new application lies in the development of a 
spherical or global design with a heat lamp in the 
middle and conical collector-boiler elements on the 
entire exterior surface of the globe. The clearance on 
the inside provides a partial vacuum to avoid exces- 
sive air pressure and tamishing of the bright metal of 
the cones. These elements, arranged in series and 
cut in automatically when the load increases, have 
given us a new and highly efficient source of radiant 


heat. 
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SURVIVAL 2001 / Scenario from the Future 


This book presents more than one hun- 
dred workable ideas (with detalled 
engineering drawings) that apply sci- 
entific expertise and Yankee Ingenuity 
toward solving our most pressing en- 
vironmental problems. It shows how 
known and existing technology can be 
used in conservation, sanitation and 
health—not only in Improving the qual- 
ity of life on our planet—but in actually 
helping it to survive. 


It deals in advanced methods of trans- 
portation by rail and air; water power 
from rivers, ocean waves and the tides; 
the re-arrangement of waterways; 
solar heat and power and heat storage. 
It examines entrapped wind power, 
geothermal heat, energy from ocean 


Henry E. Voegeli 


Henry E. Voegeli is an architect, engi- 
neer, author and inventor with many 
patents to his credit. His chief interest 
and concern lie in the field of conser- 
vation. Before he retired as develop- 
mental engineer for Anaconda Ameri- 
can Brass Company, where he served 
for many years, he traveled extensively 
on company business and has written 
and lectured on solar heat, the heat 


Henry E. Voegeli and John J. Tarrant 


waves and currents, and solar energy. 
It covers the reclamation of household 
and kitchen waste, housing insulation, 
and more suitable building construc- 
tion. It offers, among other inventions, 
a conical solar heat collector, a wind 
trap, an airfoil railroad car, a heat 
pump—all accompanied by detailed 
drawings that are the product of co- 
author Henry Voegeli's lifetime of sci- 
entific study. 


Most important of all, it explores alter- 
natives to the burning of fossil fuels 
and the fractioning of the atom. Be- 
leaguered power companies, the trans- 
portation and building industries, and 
all those industries concerned with the 
use of power will eagerly welcome 


About the Authors: 


John J. Tarrant 


pump and heat storage to audiences 
in all parts of the U.S., Mexico, Canada 
and Puerto Rico. He is a licensed Pro- 
fessional Engineer and a member of 
the Harvard Graduate School of De- 
sign Association. 


John J. Tarrant, author of seven previ- 
ous books, is a prolific writer whose 
latest Van Nostrand Reinhold book 


BP P: 


these new measur 
es to produ 
conserve energy. ce and 


Presented in futuristic fo 

enables the reader to ea 
from the safe perspective of the së 
21st century to the danger-filled cl 
ing decades of the twentieth Sg 
when a critical energy crisis threat 
ened life on Earth. i 


Its value lies i.: the fact that it does not 
preach but makes its point by a real- 
istic examination of the ways in which 
the world can function on clean 
energy. Combining pragmatism and 
visionary concepts, it shows how, by 
utilizing the elements that surround 
us, we can live healthier, safer and 
better lives. 


Getting Fired has generated consider- 
able interest throughout business and 
industry. Mr. Tarrant served as Vice 
President for Training and Develop- 
ment at Benton and Bowles, and as 
Director of Management Programs at 
Research Institute of America. His nu- 
merous articles have appeared in Sat- 
urday Review, Harper's, Dun's Review, 
Nation's Business and Family Circle. 


F8406-000-7 
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BACK TO BASICS IN THE AIR 
than 140 
. In the beginning, man in flight copied the 
gliding and soaring of the birds. The aircraft was a 
powered glider. But as jet propulsion was developed, 
wing size—and gliding angle—were reduced to prac- 
tical non-existance. The flying mechanism became a 
self-guided missile. It remained aloft only through the 
efforts of its power plant. Man was no longer emulat- 
ing the style of the gull, but rather that of the 
hummingbird. 


flight was ta 
expenditure O 


ely greatei 
danger—total reliance on power for flight reduced the 
pilot's margin for error. And yet jet planes were used 
for all air travel, over long and short distances. 

Around the beginning of the 1970's men began to 


take a second look at the original models for flight: 


POSsENGER 


For flights of a thousand miles or less jet Planes 
have a slender claim to supremacy. Their advantage 
is in high altitude flying, and that, is out of place for 


the short run. 


cruising at levels of a few thousand feet it could sone 
for inter-city transportation, as well as for medium. 
distance flying. Smaller airports would be feasible 
and would enable this kind of transportation to com. 
pete successfully with rail travel, so long as the 
railroad companies still have to own and to maintain 


their rights-of-way. 
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tomobile emerges as one of the principal 
wasters of the 20th century. It was too heavy 
energy ork it did; it burned oil which could have been 
for Wéi to more important uses; it polluted the air; 
gen took many lives. 

nd i this area, aS in others, the answer is a retum to 
f dä more basic thinking. For long-range travel, 
simpler, | mass transportation was emphasized, with 


mP sequent de-emphasis on the building of 


lies permitted reduction of seating space. Electric, 
from storage batteries came back into fashion as > 


capacity and efficiency of storage batteries were devel- 
oped. this auxiliary equipment became unnecessary 
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